The purpose of this study was to evaluate the color stability of resin composit using different finishing systems and drinks.
INTRODUCTION
Resin composites have been widely used in dentistry since 1960s when they were first described. 1 The popularity of tooth colored restoration has increased due to esthetic needs of patients and developments in resin technology. 2 Also, the survival rate and clinical success of composite resins are important in restorative dentistry and they may be related to the surface texture. 3 The esthetic aspect of tooth-colored restorative materials is partly dependent on surface roughness. A rough surface increases plaque retention, which may then result in gingival inflamation, superficial staining, secondary caries and color change. 4 The smoothness of restorative material's surface has great importance in the success and clinical longevity of the restorations. 5 Both esthetic and clinical success of restorations strongly depend on the quality of the surface finishing and polishing. 6 A well polished surface can reduce plaque accumulation, gingival irritation, poor esthetic and color change due to the fact that the finishing and polishing are important steps in restorative dentistry. 7, 8 Many studies have reported that the surface feature of composite restorations may be influenced by different surface finishing treatments. [9] [10] [11] Esthetic failure is one of the most common problems for the evaluation of clinical performance of resin composites. Discoloration and marginal degradation are two reasons why restorations are replaced. 12 Color changes in resins occur from intrinsic and extrinsic factors. 13 Discoloration of resin composites may be caused by intrinsic or extrinsic factors. Intrinsic factors involve the discoloration of the resin material itself, such as the alteration of the resin matrix and of the interface of the matrix and the fillers. Extrinsic factors for discoloration include staining by adsorption or absorption of colorants as JCDP a result of contamination from exogenous sources. The degree of discoloration from exogenous sources varies according to the oral hygiene, the eating-drinking and smoking habits of the patient. 14, 15 Several studies have been conducted to determine the effects of staining solutions on the surface characteristics of esthetic restorative materials. [16] [17] [18] Composite structure and the characteristics of the inorganic fillers may influence the quality of the composite surface, and can therefore be related to the discoloration of composite. 19 In recent years nanofill and nanohybrid composites have been produced with innovative nanotechnology resulting in new microhybrid composites being available now in the dental marketplace. 20 Nanocomposites possess high translucency, high polish, and polish retention similar to microfills, while having physical properties and wear resistance equivalent to some hybrids. 21 The discoloration of resin composites appears to be related to multiple factors such as incomplete polymerization, water sorption, chemical reactivity, diet, oral hygiene, and surface smoothness of the restoration. 22 There is a lack of information in the few studies reporting on the effect of both different polishing systems and drinks on color change of nanofilled resin composites. The effect of sugar in the drinks on color difference of resin composite has not been completely clarified. Therefore, the purpose of our research was to evaluate the color stability of nanohybrid resin composite, exposure to different polishing system and different drinks.
MATERIALS AND METHODS
Five different polishing systems and ten different solutions and their effects on the color change of A2 shade resin composite were evaluated. The polishing systems and drinks used in this study are shown in Tables 1 and 2 .
Specimen Preparation
Five hundred nanofilled composite disk samples in A2 shade (Dentsply-DeTrey GmbHD Konstanz, Germany), a diameter of 15 mm and a thickness of approximately 2 mm were prepared using a metal mold. The mold with the composite resin was held between 2 glass slides, each covered with a transparent polyester strip (Mylar, DuPont, Wilmington, Del. USA) and the microscope slides were gently pressed together to remove excess material. All specimens were polymerized by a LED light-curing unit Elipar Free Light 2 (3M ESPE, St Paul, MN, USA) with light intensity of 1000 mW/cm 2 , using 20 seconds of exposure to top and bottom surfaces, respectively. The distance between the light source and the specimen was standardized by the use of a 1 mm glass slide. The end of the light guide was in contact (20 µm) Batch no: 70701950 Ultra Fine aluminum oxide disks (10 µm) with the cover glass during the light polymerization process. On completion of specimen fabrication, the disks were randomly divided into five polishing groups (n = 100). The specimens were finished and polished by a single investigator, according to the manufacturer's instructions.
Polishing Procedures
Group 1: Mylar Strip (Mylar, DuPont, Wilmington, Del. USA): This group comprised the specimens that were not submitted to finishing and polishing procedures and kept untreated.
Group 2: Sof-Lex™ Contouring and Polishing Disks Kit (3M™ ESPE™ St Paul, MN, USA): Sof-Lex discs at medium, fine, and super-fine grits were used for 30 seconds each on the specimens. After each step of polishing, the specimens were thoroughly rinsed with water and air-dried before the next step until final polishing.
Group 3: Enhance Composite Finsihing and Polishing Sytems (Dentsply-DeTrey GmbHD Konstanz, Germany):
Enhance finishing disks were applied 15 seconds for the intermedia finishing and a foam polishing cup with Prisma Gloss fine and super fine polishing pastes were then applied for 15 seconds. Specimens were thoroughly rinsed with water and air-dried between and after polishing paste application.
Group 4: Hiluster PLUS Polishing Systems (KerrHawe, Bioggio, Switzerland): Hiluster Gloss polisher were applied 20 second for the finishing then Hiluster Dia Polisher 20 second for the polishing. Specimens were thoroughly rinsed with water and air-dried between and after polishing application.
Group 5: OptiDisc (KerrHawe, Bioggio, Switzerland): The disks were used for 30 seconds each on the specimens. Operations in this group was the same as group 2.
All prepared specimens were then stored in distilled water at 37ºC for 24 hours for rehydration and completion of the polymerization. The colors of all specimen groups were measured before exposure to staining medias with a spectrophtometer (Vita Easy Shade, Vident Brea, CA, USA) using CIE L*a*b* (Commission International de l' Eclairage) relative to standard illuminant, against a white background.
Staining Procedures
Then each group was divided into 10 subgroups as following; distilled water, distilled water with sugar, coffee, coffee with sugar, tea, tea with sugar, diet coke, coke, diet sour cherry juice, sour cherry juice. Disk specimens from each material were immersed in each of the ten staining solutions indicated in Table 2 at 37ºC and for 24 hours. The distilled water group was used as control.
Color Measurements
After 24 hours, the specimens were rinsed with distilled water and blotted dry with a tissue paper before remeasurements.
The CIE (Commission International de l' Eclairage) system uses the three-dimensionless colorimetric measurements. L* characterizes the lightness of the color and can be ranged between 0 (dark) and 100 (light); a* defining a color on a red-green axis; and b* describing the blue part of the color. Values were recorded using the Commission International de l' Eclairage L*a*b color system. For each sample, three repeated measurements were taken to determine the colorimetric values. The mean values of L, a and b after three measurements were automatically calculated by colorimeter and recorded. The total color difference E for each disk sample was calculated using the following equation: E= (L*) 2 + (a*) 2 + (b*) 2 . 23
STATISTICAL ANALYSIS
The mean and standard deviations of E* were determined. Data were analyzed using two-way analysis of variance (ANOVA). Two-way ANOVA, p  0.005 was calculated for the differences between the groups one-way ANOVA and Tukey HSD test p  0.005 used to detect specific differences withing each group.
RESULTS
The E values are shown in Table 3 . The effect of polishing systems and drinks on the color stability of resin composite was statistically significant (p = 0.001).
Polishing systems; when comparing polishing systems without drinks; Mylar strip group demonstrated significantly highest color change and enhance group demonstrated significantly lower color change (p < 0.001) than the other polishing systems tested for all drinks. There were no statistically significant differences among other polishing systems tested (p = 0.642).
Drinks; when comparing drinks without polishing systems; The lowest E values were observed in the water while the highest color difference was observed in the sour cherry juice (p < 0.001). E was significantly higher for coke, coffee than tea. When drinks with and without sugar were compared, all groups with sugar demonstrated a higher color change than the groups without sugar (p < 0.001).
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DISCUSSION
The discoloration of tooth colored resin-based composite materials may be a reason for the replacement of dental restorations in esthetic areas. This process concerns patient and dentist and consumes time and money.
Color stability of resin composites may be considered as a significant criterion in the selection of a material for use in an aesthetic ally critical area. 23 The use of composite resins in restorative dentistry became routine with the improvement of mechanical and physical properties of the resin systems. 24 The size of filler particles is an important parameter that has been used to characterize the restorative material for purposes of clinical applications. 25 The latest development in the resin composites has been the introduction of nanofill particles and nanoclusters in resin matrix. An increase in filler content procedures smoother surface because of the lower particle size and better distribution within the resin matrix. 26, 27 Many studies have reported that color change and surface texture of nanofilled composites are better than the other microfilled or hybrid composites. Berger et al 25 have reported Filtek Supreme Plus nanofilled resin composite presented surface that were more stain resistant than those of the enamel microfill and esthet X composites for all polishing systems. Topcu et al 14 have reported that the least color changes were seen with coffee, coke, cherry juice, red wine and artificial saliva in filtek supreme nanofilled resin composites when compared with the other microfilled or microhybrit composites. The nanofilled composite Ceram X duo were used in this study that comprises organically modified ceramic nanoparticles and nanofillers combined with conventional glass fillers.
The structure of a resin composite and the characteristics of particles may have a direct impact on surface smoothness and the susceptibility to staining. The finishing and polishing procedures may also influence the composite surface. 15 Several studies have been reported in the literature evaluating the effect of various finishing and polishing systems on the surface roughness of resin composites but a few studies have been reported on the relationship between polishing systems and color changes. That is why we have chosen different polishing systems and different drinks. Proper finishing and polishing have been related smooth surface, less plaque retention and discoloration, thus esthetic of the restorations. 26 In this study we evaluated aluminum oxide disks and polishing paste and we found that enhance polishing paste group better than the other polishing disks and pastes. This results were not in agreement withe fact that some studies reported aluminum oxide disks were the best instruments for producing smooth surface restorations compared to abrasive impregnated disks. Also a study by Herrgott et al. 27 using scanning electron microscope, reported Sof-Lex™ disks produced smoothest surface finish.
Mylar polyester matrix strips have been used to produce standardized specimens and these specimens have been cured under Mylar strips, as well as being used as controls in several studies. 3, 23, 25 Pratten and Johnson 28 and Stoddard and Johnson 29 found that polyester film finishing produced the smoothest surfaces. One should expect a polyester filmfinished surface to exhibit the least amount of staining. However, polyester-film finishing exhibited the greatest color change in this study. This situation can be explained as follows: the use of a polyester film strip not only results in a smooth surface finish, but also eliminates the presence of an uncured layer on the surface.
In this study we have used spectrophotometer CIE L*a*b* coordinates system and with the reference in other studies. CIE L*a*b* system was chosen to evaluate color variation (E) because it is well suited for small color changes determination 12 and have advantages such as repeatability, sensitivity and objectivity. 14, 15, 19, 23 Coffee was chosen as a staining solution in the present study because it has shown a high capacity of staining resin composite. 19 Coffee may stain both by adsorption and by absorption of its colorants onto/into the organic phase of the resin composites. 14 Composite resins that can absorb water are also able to absorb other fluids with pigments, which results in discolorations. It is assumed that water acts as a vehicle for stain penetration into the resin matrix. 19 Coke drink does not appear to be strongly implicated in color change of composites, despite the presence of phosphoric acid. Acids behave differently in promoting dissolution and hence in eroding the materials. In addition, the presence of phosphate ions in coke may suppress the dissolution since these ions have been shown to reduce the dissolution rate of calcium phosphate from the tooth. [14] [15] [16] [17] [18] [19] The effect of sugar on color difference of nanofilled resin composite has not been yet fully understood. According to the results of present study, the presence of sugar in drinks increased color difference. The reason for this may be the sticky effect of sugar on the staining of drinks. 22 Guler et al 22 used coffee and tea as staining agents and found that coffee stained provisional resin restorative materials more than tea. In another study by Mohan et al 30 tea, coffee, and snuff were used as chromogenic agents, and coffee was found to stain more than tea and snuff. Also, in the present study, coffee was found to stain more than tea. The results of this study are consistent with results of the other studies. We demonstrated that the effect of the staining solutions was different for various materials.
CONCLUSION
Finishing treatments and storage solutions significantly affect the color stability of resin composite. The presence of sugar in drinks increased the color difference compared to drinks without composit.
CLINICAL SIGNIFICANCE
Polishing techniques and drinking drinks with sugar may affect the color of esthetic restorations.
